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Abstract Argentina is one of the top 10 world pro-
ducers and exporters of wheat. In routine surveys of
wheat (Triticum aestivum L.) in Buenos Aires Province,
Argentina, a new disease was observed in 2012 on seeds
of wheat cv. Buck Meteoro. Symptomatic grains (black
points) and leaves (chlorosis and spots) were collected
during the spring of that year. The objectives of the
present study were to identify the causal agent, to inves-
tigate its pathogenicity in relation to nine wheat cultivars
and to identify the secondary metabolites produced by
fungus. Symptomatic grains were plated on potato dex-
trose agar (PDA). Morphological characterization of
colonies and sequencing of the ITS region after DNA
extraction identified it as Pseudopithomyces chartarum.
For pathogenicity tests, two different isolates, P221 and
P224, were inoculated on seedlings of nine wheat
cultivars, which showed different disease symptoms,
% of grain germination (GG), % of grain discoloration
(GD) and % of weak seedlings (WS), suggesting differ-
ent levels of response against Pseudopithomyces
chartarum. Particularly B. Meteoro, Buck Guapo and
Klein Proteo cultivars demonstrated major infection
tolerance for GD and WS. In contrast, Sy 100 and Klein
Pantera were most affected showing weakness, chloro-
sis, or reduced length of coleoptile, and 50% of necrotic
symptoms. Pseudopithomyces chartarum isolates pro-
duced secondary metabolites including alternariol,
alternariol mono-methyl ether, altertoxin I and
altertoxine II. The fungus is a new pathogen of wheat
in Argentina that can cause diseases on different culti-
vars as well as produce mycotoxins.
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Argentina is one of the top 10 world producers
and exporters of wheat (Triticum aestivum L.) and
most of its production comes from Buenos Aires
Province. The area of production of cereals in
Argentina is located around the Pampa and more
than 80% of the Pampa’s production is grains.
Historically, the more important crops grown in
this region were cereals, particularly wheat.
In 2012, a new disease was observed in wheat plants
in Argentina. Symptomatic grains (black points) and
leaves (chlorosis and spots) were collected during the
spring of that year. Pieces of leaves with symptoms and
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grains were superficially disinfected and immersed in a
1% sodium hypochlorite solution for 3 min; then they
were plated on potato dextrose agar (PDA) containing
0.25 mg/L of chloramphenicol and incubated for 4–
7 days at 25 °C under a 12 h light/dark cycle.
A sporulating, dematiaceous, mitosporic fungus was
observed and transferred toPDA. Colonies had a cottony
texture, first hyaline, then greyish black with dark brown
multicellular conidia on branched conidiophores hardly
differentiated from the vegetative hyphae (Fig. 1). The
conidia were multi-celled, echinulate, brown and deeply
pigmented, ellipsoidal, 18–29 × 11–18 μm, with three
transverse septa, and a longitudinal septum constricted
at the transverse septa (Fig. 2). Morphological charac-
teristics of the fungus fit those originally described for
Pseudopithomyces chartarum (Berk. & M. A. Curtis)
J.F. Li, Ariyawansa & K.D. Hyde (Ariyawansa et al.
2015); synonyms, Leptosphaerulina chartarum Cec.
Roux; grown (Berk. & M.A. Curtis) R.T. Moore;
Pithomyces chartarum (Berk. & M.A. Curtis) M.B.
Ellis; Sporidesmium bakeri Syd. & P. Syd. (1914)
Sporidesmium bakeri Syd. & P. Syd. (1914) var. bakeri;
Sporidesmium bakeri var. faureae Henn.; Sporidesmium
bakeri var. sacchari S. Hughes, (1953); Sporidesmium
chartarum Berk. & M.A. Curtis (1874).
Two isolates obtained from culture specimens were
selected at random, namely P221 for DNA confirmation
and pathogenicity studies and P224 for pathogenicity
studies. Culture specimens of isolates P221 and P224
(PCHW09131 and PCHW09132, respectively) were
deposited in the Centro de Investigaciones de
Fitopatología (CIDEFI) collection (La Plata, Buenos
Aires, Argentina).
In the case of isolate P221, DNAwas extracted from
a pure and single conidia culture according to Stenglein
and Balatti (2006). The rDNA ITS region was amplified
in an XP thermal cycler (Bioer Technology Co) using
primers ITS4 and ITS5 (White et al. 1990), purified
using the PureLink PCR purification kit (Invitrogen)
and sequenced from both the sense and antisense ends
of the fragment. Sequence similarity was examined with
BLASTn (Altschul et al. 1990) in the NCBI web page.
The sequence (Accession number JX442978) was
found to be 100% identical to P. chartarum (syn.
Leptosphaerulina chartarum) (e.g. HQ607815,
KC879283).
For pathogenicity testing, healthy wheat leaves of cv.
B. Meteoro potted plants (third leaf emerged stage)
grown under greenhouse conditions were spray-
inoculated with an aqueous suspension (106 conidia/
mL) of 10-day-old sporulating cultures of both
Fig. 1 P. chartarum colony on PDA media
Fig. 2 Conidia of P. chartarum (400 X) Olympus CX 31 (Lactophenol Blue)
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P. chartarum isolates P221 and P224, separately. Inoc-
ulated plants and water sprayed controls were covered
with polythene bags for 48 h and kept under natural light
conditions with a mean daily temperature of 26 °C.
Symptoms started developing on the inoculated plants
after 7–8 days. The leaf symptoms firstly appeared as a
small brown necrotic spot of light brown color, their size
varied from 5 to 12 mm in diameter. Subsequently these
spots turned into a brown elliptical lesion with the
central part being grey to brown. In some cases, spots
coalesced together, forming large necrotic patches
(Fig. 3). Conidia of Pseudopithomyces were frequently
observed on fully-developed lesions.
To determine the pathogenicity of P. chartarum iso-
lates, tests were conducted following ISTA (1993) rules
(blotter test) using plastic trays (30 × 20 cm). Seeds of
nine wheat cultivars (Buck Meteoro, Buck Taita, Sy
300, Sy 100, Buck Guapo, Buck Cl 55, Bio INTA
1004, Klein Proteo and Klein Pantera) were disinfected
with 3% sodium hypochlorite for 3 min, rinsed with
distilled water and spray-inoculated with an aqueous
conidial suspension of 106 conidia/mL of both
P. chartarum isolates P211 and P224, separately. Con-
trols were sprayed with water only. For each cultivar, 50
seeds per tray were used. Four inoculated trays (IT) per
cultivar and treatment were placed using a completely
randomized design under greenhouse conditions. Data
were taken 14 days later when symptoms developed on
inoculated seeds but not in the controls (Fig. 4a, b). The
fungus was re-isolated, fulfilling Koch’s postulates.
Wheat cultivars inoculated with the different fungal
isolates were evaluated for: % of grains germination
(GG), % of grain discoloration (GD) and % of emerging
seedlings showing weakness symptoms (WS). Percent-
ages obtained for each inoculated cultivar tray (IT) were
normalized by control means (MC) as: 1-(MC-IT).
Then, non parametrical Kruskal Wallis test (statistical
H) and P values using chi-squared approximation were
Fig. 3 Spots and chlorosis caused by P. chartarum on wheat
leaves
ba
Fig. 4 aBlotter test to determine pathogenicity ofP. chartarum onwheat seeds. bDetail of seed discoloration and coleoptile necrosis (seven
days after infection)
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applied to analyze the data. This allowed us to prove
differences between isolates and wheat cultivars and
interactions. Pairwise comparison procedures were
based in minimum significant differences between
sum of ranks (P < 0.05) (Di Renzo et al. 2012);
the means and standard errors of the original
values were calculated.
Figure 5 shows differences in the ninewheat cultivars
(calculated means averaging over the isolates) in per-
centages of GG, GD andWS, suggesting different levels
of response in wheat against P. chartarum. Except for
cv. K. Pantera, GG was not severely affected by the
fungus (Fig. 5a). However, the fungus infection caused
grain discoloration (GD), particularly in cv. Sy 100,
which reached 50% of seed surface area (Fig. 5b). Seed-
lings emerged after the seed inoculation with
P. chartarum showed weakness, chlorosis of coleoptile,
or reduced length (Fig. 5c), particularly cv. K. Pantera.
When P221 and P224 means were compared non-
significant differences between isolates (P < 0.05) were
found for GG (H = 0.106, P = 0.74), GD (H = 2.86,
P = 0.09) and WS (H = 0.37, P = 0.54). However,
presence of interaction Bcultivar x isolates strain^ was
detected for GD and WS traits but it was absent for GG
(figure not showed). Interactions comparison demon-
strated the variation of response between cultivars inoc-
ulated with the different isolates when these were ana-
lyzed separately (Fig. 6). Cultivars Sy 100 and B. Taita
showed the highest values of GD when they were inoc-
ulated with both isolates and had significant differences
from cv. B. Meteoro inoculated with strain 221, which
showed the minimum GD (Fig. 6a). Cultivar K. Proteo
inoculated with isolate P221 and cv. B. Guapo inoculat-
ed with P224, showed no weak-seedling, indicating a
better resistance when compared with cv. K. Pantera
inoculated with the isolate P221 (Fig. 6b), with the
maximum WS.
Isolates P221 and P224 of P. chartarum were
analysed for mycotoxin production by using the multi-
detection method described by Tančinová and Labuda
(2009) and Vishwanath et al. (2009). P. chartarum in-
fected wheat seeds (5 g) were mixed with 5 mL of
extraction solvent acetonitrile/water/acetic acid (79/20/
1 v/v/v) and stirred for 10 min followed by
ultrasonication for more than 10 min per sample. The
colonies were grown on yeast sucrose extract agar
(YES) at 25 °C in darkness for 14 days to obtain the
inocula following the method described by Samson
et al. (2002). One hundred μL of the extract was filtered,
dried, redissolved in 1000 μL of water-acetonitrile
(1/1 v/v) and applied to a Liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS)
system. The LC-MS/MS analysis was done on a QTrap
4000 (AB Sciex, Foster City, CA, USA) equipped with
a TurboIon Spray electrospray ionization (ESI) source
and connected to an Agilent 1100 HPLC (Agilent,



















































Fig. 5 Means and standard errors of nine wheat cultivars inocu-
lated with P. chartarum (mean between isolates P221 and P224)
for percentage of: a grain germination (GG); b grain discoloration
(GD); and c weakness of seedlings (WS). The comparison was
based on minimum significant differences between sum of ranks.
Different letters indicate significant differences between cultivars
(P < 0.05)
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Waldbronn, Germany). The separation was done on a
150 × 4.6 mm i.d. Gemini C18 column equipped with a
4 × 3 mm security guard cartridge (all from
Phenomenex, Torrance, CA, USA). The chromato-
graphic methods as well as mass spectrometric parame-
ters for the investigated analytes are as described by
Vishwanath et al. (2009).
Four mycotoxins were detected (Table 1), namely
alternariol (AOH), alternariol mono-methyl ether
(AME), altertoxin I (ATX-I) and altertoxin II (ATX-II).
These toxins are mycotoxins produced also by
Alternaria species that cause plant diseases on many
crops such as wheat and other cereals. Particularly,
AOH, AME and altertoxins among others, are
genotoxic in vitro and/or fetotoxic in rats (EFSA
2011). Generally, these toxins are found in grains and
grain-based products. There is limited information in
Argentina about the toxic effects of these toxins on
animals and humans and occurrence data in feed, in
order to assess the health risk for different species.
To the knowledge of the authors the disease does not
have a formal name. Pseudopithomyces chartarum is
known to cause leaf spot diseases of various plants
including medicinal plants (Jonardhanan 2002), grasses
(Varga and Fischl 2006), cereals (Tóth et al. 2007) and
legumes (Amaral et al. 1976; Ponappa 1977;
Russomanno et al. 1985; Eken et al. 2006).
Pseudopithomyces chartarum has been recorded as a
wheat pathogen in Europe, Tanzania and Brazil
(Dingley 1962; Farr et al. 2007; Tóth et al. 2007).
However, this is, to the knowledge of the authors, the
first report of this fungus causing disease on wheat in
Argentina. Pseudopithomyces chartarum constitutes a
potential threat considering its production of toxins. It
has been reported that some P. chartarum isolates pro-
duce a hepatoxic mycotoxin named sporidesmin
Fig. 6 Means and standard errors
of nine wheat cultivars inoculated
with strains 221 and 224 of
P. chartarum for: a grain
discoloration (GD); and b
weakness of seedlings (WS). The
comparison was based on
minimum significant differences




Table 1 Toxin production (mg/kg) of P. chartarum, isolates P221
and P224, collected from wheat seeds
Fungal isolates AOH AME ATX-I ATX-II
P221 0.20 0.24 0.21 0.10
P224 0.37 0.42 0.29 0.26
AOH alternariol, AME alternariol monometyl ether, ATX-I
altertoxin I, ATX-II altertoxin II
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(Houbraken et al. 2006), which causes skin damage to
sheep, goats and cattle (Bezille et al. 1984; Collin et al.
1998; Farr and Rossman 2010). None of the two Argen-
tinian isolates found in the present work produced
sporidesmin (results not shown), but they produced
other dangerous secondary metabolites (like AOH,
AME and altertoxins) according EFSA (2011). Interest-
ingly, Licoff et al. (2008) isolated the fungus from
forage and grasses in Argentina. The authors highlight-
ed the great variability of P. chartarum in sporidesmin
production, from 0 to 100% according the isolates and
the agroecological area sampled.
This is the first description of the occurrence of
Pseudopithomyces chartarum causing disease on wheat
in Argentina. The discovery is relevant because this
disease can cause several losses on wheat-growing areas
of Argentina and the fungus produces mycotoxins,
which is an additional threat.
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